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10 TITLE OF THE INVENTION 

NEW 7P-SUBSTITUTED-4-AZA-5a-CH0LESTAN-0NES 
AS 5a-REDtrCTASE INHIBITORS 

BACKGROUND OF THE INVENTION 
15 The present invention is directed to new 

7p-substituted-4-a2a-5a-cholestan-*3-ones and related 
compounds and the use of such compounds 
as 5a-reductase inhibitors. 

20 PgSCRIPTIQN OF TgP P filQfi ART 

The art reveals that certain undesirable 
physiological manifestations, such as acne vulgaris, 
seborrhea, female hirsutism, male pattern baldness 
and benign prostatic hypertrophy, are the result of 

25 hyperandrogenetic stimulation caused by an excessive 
accumulation of testosterone or similar androgenic 
hormones in the metabolic system. Early attempts 
to provide a chemotherapeutic agent to counter the 
undesirable results of hyperandrogenicity resulted 

30 in the discovery of several steroidal antiandrogens 



having undesirable hormonal activities of their own. 
The estrogens, for example, not only counteract the 
effect of the androgens but have a feminizing effect 
as well. Non-steroidal antiandrogens have also been 
developed, for example, 4»'-nitro-3 '-trif luoromethyl-- 
isobutyranilide* See Neri, et al., Endo. , Vol, 91, 
No. 2 (1972). However, these products, though devoid 
of hormonal effects, are peripherally active, compet- 
ing with the natural androgens for receptor sites, 
and hence have a tendency to feminize a male host 
or the male fetus of a female host. 

It is now known in the art that the prin- 
cipal mediator of androgenic activity in some target 
organs is 5a-dihydrotest6sterone, and that it is 
formed locally in the target organ by the action 
of test08terone-5a-reductase. It is also known that 
inhibitors of testosterone-5a-reductase will serve 
to prevent or lessen sjnnptoms of hyperandrogenic . 
stimulation. 

A number of 4-aza steroid compounds are 
known in the art as 5a-reductase inhibitors . For 
example, See S . Patent Nos . 2,227,876, 3,239,417, 
3,264,301 and 3,285,918; French Patent No. 1,465,544; 
Doorenbos and Solomons, J. Pharm. Sci. 62, 4, pp. 
638-640 (1973); Doorenbos and Brown, J. Pharm. Sci., 
60, 8, pp. 1234-1235 (1971); and Doorenbos and Kim, 
J. Pharm. Sci. 63, 4, pp. 620-622 (1974), 

. In addition, U.S. Patent. Nos. 4,^377,584, 
4,220,775, 4,859,681, 4.760,071 and the articles 
J. Med. Chem: 27, p. 1690-1701 (1984) and J. Med. 
Chem. 21, 2998-2315 (1986) of Rasmusson, et al., U.S. 
Patent 4,845,104 to Carlin, et al.^ and TI.S. Patent 



4,732,897 to Cainelli, et al. describe 4-aza-17J}- 
substituted-Sa-androstan-S-ones which are said to 
be useful in the treatment of DHT-related hyper- 
androgenic conditions. 

However, despite the suggestion in the prior 
art that hyperandrogenetic diseases are the result of 
a single 5a-reductase, there are reports regarding 
the presence of other 5a-reductase isozymes in both 
rats and humans. For example, in human prostate, 
Bruchovsky, et al. (See J. Clin. Endocrinol. Metab. 
61, 806-816, 1988) and Hudson (see J. Steroid Biochem. 
2i, p 349-353, 1987) found different 5a-reductase 
activities in the stromal and epithelial fractions. 
Additionally, Moore and Wilson described two distinct 
human reductases with peaks of activities at either 
pH 5.5 or pH 7-9. (See J. Biol. Chem. 251, 19, p. 
5895-5900. 1976.) 

Recently, Andersson and Russell isolated 
a cDNA which encodes a rat liver 5a-reductase (see 
J. Biol. Chem. 2M PP- 16249-55 (1989). They found 
a single mRNA which encodes both the liver and 
prostatic reductases of rats. The sequence of this 
rat gene was later used to select a human prostatic 
cDNA encoding a 5a-reductase termed "5a-reductase 1'*. 
(See Proc. Nat'l. Acad. Sci, 87, p. 3640-3644, 1990.) 

More recently, a second, human prostatic 
reductase (5a-reductase 2) has been cloned with 
properties identified with the more abundant form 
found in crude human prostatic extracts. (See Nature, 
254. p. 159-161, 1991.) 

Further, "Syndromes of Androgen Resistance"- 
The Biology of Reproduction, Vol. 46, p. 168-173 



(1992) by Jean 0. Wilson indicates tliat the 
5a-reductase 1 enzyme may be associated with 
hair follicles. 

Thus, the art supports the existence of at 
least two genes for 5a-reductase and two distinct 
isozjnnes of 5a~reductase in humans. Both forms are 
present in prostatic tissue in which, 5a-reductase 
2, is the more abundant, and the other isozyme, 5a- 
reductase 1, is believed to be more abundant 
in scalp tissue. 

In the treatment of hyper androgenetic 
disease conditions, e.g. benign prostatic hyperplasia 
(BPH). it would be desirable to have one drug entity 
which is active agaiixst both enzsnnes 1 and 2 in the 
prostate to substantially inhibit dihydrotesterone 
(DHT) production. Alternatively, it would be desir- 
able to have a drug entity which is highly selective 
for inhibiting the scalp associated enzyme 
5a-reductase 1^ for use in treating diseases of the 
skin and scalp, e.g. acne and alopecia. This latter 
drug could also be used in combination with PROSCAR® 
(finasteride) which is highly selective for the 
prostatic enzjnne 5a-reductase 2 for combination 
therapy in the treatment of BPS. 

SUMMARY OF THE INVENTION 

The present invention discloses novel 7^- 
substituted-4-aza-5a-choiestan-3-one compounds^ which 
are useful for inhibiting the steroid 5a-reductase. 
isozymes 1 and 2 and are particularly effective in 
selectively inhibiting the 5a-reductase 1 associated 
with the scalp and dually inhibiting both isozymes 1 
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and 2 in the oral, parenteral or topical treat- 
ment of benign prostatic hyperplasia, acne, female 
hirsutism, male pattern baldness, androgenic, 
alopecia, prostatitis, and the prevention and 
treatment of prostatic carcinoma. 

In accordance with the present invention 
there is provided novel 7C-substituted-4-aza"5a- 
cholestan-S-one compounds of the formula: 



10 



15 



20 



25 




wherein 

R is selected from hydrogen, methyl or ethyl; the 

dashed lines a and b, indicate double bonds which 
can be present providing that when b is present, 
the 5a hydrogen, Ha is absent; 



30 



Z can be 

1) oxo, 

2) a-hydrogen and a B-substituent selected from: 
C1-C4 alkyl, C2-C4 alkenyl, CH2COOH, hydroxy, 
allyl, carboxy, C00Ci"C4 alkyl esters; 0C0Nr1r2, 
where and R^ are independently C1-C4 alkyl, 
phenyl, benzyl, and R^ and R^ together with the 
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nitrogen can form a 5--6 membered saturated 
heterocyclic ring, optionally with one other 
heteroatom; 

OC1-C4 alkyl. OC3-C5 cycloalkyl, -OCOCH3, halo, 
hydroxy Ci«C2 alkyl, halo C1-C2 alkyl or 
trifluoromethyl, C3-C5 cycloalkyl; 

3) =CH-R» where r' is H. C1-C4 alkyl; 

4) spiro: 

-A^T— where R' is H, C1-C4 alkyl; 



and stereoisomers and pharmaceutically acceptable 
15 salts and esters thereof. 

Also disclosed are processes for their 
preparation, pharmaceutical formulations comprising 
the novel compounds as active ingredients and methods 
of inhibiting prostatic and scalp 5a-rediuctases in 
20 diseases which occur under hyperandrogenic conditions, 
e.g. benign prostatic hyperplasia, with the novel 
compounds and their pharmaceutical formulations. 

The 17-substituent cholestane side chain is 
in the beta configuration. 

25 



30 



DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED EMBODIMENTS 

By the term "C1-C4 alkyl" as used herein, 
is meant to include: e.g. methyl, ethyl, propyl, 
isopropyl, n-butyl, sec-butyl, isobutyl and t-butyl. 

By the term "02-04 alkenyl" as used herein 
is meant to include vinyl » allyl, 1-propen-l-yl , 
l~propen-2-yl, 1-buten-l-yl , l-buten-2-yl , and the 
like. 

By the term ''Cj-C(^ cycloalkyl'' as used 
herein is meant to include cyclopropyl, cyclobutyl, 
cyclopentyl , cyclohexyl . 

By the term "halo" as used herein is meant 
to include fluoro, chloro, bromo, iodo. 

By the term "OC1-C4 alkyl" as used herein is 
meant to include metho^, ethoxy, propoxy, 
isopropoxy, n-butoxy, isobutoxy, sec-butoxy, t-butoxy. 

By the term "003-06 cycloalkyl" as used 
herein is meant to include: cyclopropyloxy , 
cyclobutyloxy, cyclopentyloxy , cyclohexyloxy. 

Representative examples of Z are where 
a-substituent (dashed lines) is hydrogen and the 
beta substituent (wedge) is e.g. methyl, ethyl, 
propyl, allyl, carboxymethyl , hydroxy, methoxy, 
ethoxy. cyclopropyloxy, cyclopentyloxy, acetoxy, 
fluoro, chloro, bromo, trif luoromethyl , 
trichloromethyl, f luoromethyl , chloromethyl , carboxy, 
NN-dimethylcar hamate, hydroxymethyl, methoxymethyl , 
and the like. 

Representative examples where Z is an 
alkenyl substituent, =OH-R' , includes, e.g. =CH2, 
=0H-0H3, =0H-0H20H3, and the like. 
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Representative examples where R^, R^ aiid the 
N can form a heterocyclic ring include: 
N-morpholinyl, lf-<4-methyl)pipera2ihyl, 
N-piperidinyl, and the like. 

Representative examples where Z is the spiro 
substituent: 



10 




stereoisomers thereof and the like. 

Representative compounds included in the 
invention wherein all of the 17- and 7-substituents 
are in the beta configuration are: 
7-ethyl-4-methyl-4-aza-cholest-5-en«3-one 
7-ethyl-4-methyl-4-a2a-cholestane-3-6ne 
7-ethyl-4-aza-cholest-5-en-3-one 
7-ethyl-4-aza-5a-cholestan-3-one 
7-carboxymethyl-4-a2a-choIest-5-en-3-orie. 
7-carboxymethyl-4-aza-chQlestan-3-one . 
7-propyl-4-methyl-4-aza-cholest-5-en-3-one 
7-propyl^4-methyl-4-a2a-5a-cholestan-3-one 
7--propyl-4-a2a-cholest-5-en-"3--one 
7-propyl-4--aza-5a-cholestaii"3-one 
7-methyl-4-aza--cholest-5-en-3«one 
7-methyl-4-aza-cholestan-3-one 
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4,7-dimethyl-4-aza-cholest-5-en-3-one 

4 , 7-dimethyl-4-aza-5a-cholestan-3-one f 

4 , 7-dimethyl-4"-a2a-5a-cholestan-3 , 7-dione , 

7-acetoxy-4-m€thyl-4-aza-5a-cholestan-3-one i 
5 4-methyl-4-aza-cholest-5-en-3 , 7-dione 

7-hydroxy-4-methyl-4-a2a-5a-cholestane-3-one 

7-methoxy-4-methyl-4-a2a-5a-cholestane-3-one 

7-hydroxyTnethyl-4-aza-5a-cholestane-3-one 

7-bromoinethyl-4-aza-5a-cholestane-3-one 
10 ' 7-chloromethyl-4-aza-5a"Cholestane-3--one 

7-f luoromethyl-4-aza-5a-cholestane-3-one 

7-carboxy-4-aza-5a-cholestane-3-one 

7-trif liioromethyl-4-aza-cholest-5-en-3-one 

4-methyl-4-a2a-cholesta-3 , 7-dione 
15 7 , 7-dimethoxy-4-methyl-4-aza-5a-cholestane-3-one 

7-methoxy-4~inethyl-4-aza-cholesta-5-en-3-one 

7-meth02y-4-methyl-4-aza-cholesta-6-en-3-one 

7-cyclopropyloxy-4-inethyl-4-aza-5a-cholestane-3-one 

7-cyclopropyloxy-4-inethyl-4-aza-cholesta-5 , 7-dien-3- 
20 one 

7-propylidene-4-methyl-4-aza-5a-cholestane-3- 
one 

7-(2--ethyl)spiroethylene-4-methyl-4-aza-5a- 
cholestane-3-one 

25 7-methyl-5-oxo--A-nor^3 , 5-seco~cholestanoic acid 
7-ethyl-5-oxo-A-nor-3 , 5-seco-cholestanoic acid 
7-propyl-5-oxo-A-nor-3 ,5-seco-cholestanoic acid 
7-n-butyl-5-oxo-A-nor-3,5-seco-cholestanoic acid 
7-t-butyl-5-oxo-A-nor-3 , 5-seco-cholestanoic acid 

30 7-n-pentyl«5-oxo-A-nor-3 , 5-seco-cholestanoic acid 
7-n-hexyl-5-oxo-A-nor"3 ,5-seco-cholestanoic acid. 

The compounds of this invention can be made 
by procedures outlined in the following Flowsheets: 
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15 



20 
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GENERAL FLOWSHEET 




. O 



II 



CrCCO)6/t-BuOOH 
CI^CN/A/24h 




Alk Mg CI 



25 



30 




Toluene/24h 



Alk 



III 
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7-Beta Alkvl SerifiR 

The compounds of the instant invention f 
comprising Z as a Tp alkyl group, e.g. methyl, ethyl, 
isopropyl, allyl, can be prepared by the procedure i 
5 outlined in The General Flowsheet. 

As seen in the Flowsheet, the starting 
3-acetoxy-cholest-5-ene I (see Example 1 for synthe- 
sis) is oxidized to the corresponding 5-en~7-one It by 
treatment with hydrogen t-butyl peroxide and. chromium 
10 hexacarbonyl in e.g. acetonitrile, at reflux. The 

^1""C4 alkyl group, designated Alk, e.g. methyl, can be 
introduced at this point by a Grignard reaction using 
e.g., alfcyl magnesium chloride in e.g., anhydrous THF 
at to produce the 7-alkyl--7-hydroxy adduct III. 

15 This is then oxidized with e.g. aluminum isopropoxide 
and cyclohexanone (Oppenauer oxidation conditions) in 
refluxing toluene solvent to produce the 7-alkyl-4,6- 
dien-3-one IZ. This in turn is reduced via a e.g., 
metal-ammonia reduction, using lithium, liquid 
20 ammonia, THF and toluene at -78*^0, quenching the 

reaction with dibromoethane and ammonium chloride, to 
selectively yield the 7-beta-alkyl-5-en-3-one V. In. 
the next step the delta-5 double bond is isomerized to 
the 4-ene by use of DBU (l,8-dia2abicyclo[5. 4. 0]undec- 
25 7-ene) in, e.g. refluxing tetrahydrofuran (THF) to 
produce the 7~beta-alkyl 4-en-3-one, VI. the A Ring 
is ne2± cleaved by treatment with e.g. potassium 
permanganate, sodium periodate in t-butyl alcohol 
at 80 to produce the corresponding seco-acid VII , 
30 Treatment of the seco-acid with an appropriate amine 
e.g.,. methylamine hydrochloride and sodium acetate in 
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ethylene glycol at 180'C, yields e.g., the 4-methyl" 
4-.aza-cholest-5-en-3-one VIII . This in turn is 
selectively reduced with e.g., Pt02 catalyst .in a 
hydrogen atmosphere, to remove the 5-position double 

5 bond to produce the 5a-hydrogen compound IX. The 

seco-acid VII can be similarly treated witli ammonium 
acetate in acetic acid to produce the corresponding 
N-H compound, X, which can then be analogously treated 
with Pt02 in a catalytic hydrogenation to produce the 

10 • corresponding 5a~4N-H compound XI. Similarly, use of 
hydroxylamine or hydrazine for ring A closure of the 
seco acid will afford the corresponding delta-5-4N-X 
compounds where -X can be -OH or -NH2, respectively. 
Reaction of the anion of saturated 4N-compound 

15 (generated from the NH precursor by NaH treatment) 
with methylsulf enyl chloride can provide the corre- 
sponding 4N-X compound where -X is -SCH3. Thus, R 
can also be OH, -OH, -NH2 or SCH3 in the Formula. 



25 



30 
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FLOWSHEET A . 

f 
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7-Beta-Ethvl-Chole8tane Analogues 

The 7-ethyl substituent is introduced into 
the cholestane series as illustrated in Flowsheets C 
and D by the same analogous procedure as described in 
the General Flowsheets . 

The starting cholesteryl acetate Qh is? 
available commercially (Aldrich). This is treated 
using the analogous chromium hexacarbonyl/hydrogen 
t-butylperoxide/acetonitrile oxidation procedure 
(described in JCS Perkin Trans. 1985. p. 267 by 
A. J. Pearson) to yield the 3-acetoxy-cholest-5- 
en-7-one 1. This can be reacted with an alkyl 
Grignard reagent, e.g. ethyl magnesium chloride to 
form the adduct 2. This is oxidized under Oppenauer 
conditions to yield the dienone 1, which then can 
undergo metal-ammonia reduction to yield the 7p-ethyl- 
5-en-3-one, 4. This is isomerized using DBTJ to the 
4-en-3-one, which is oxidized to open Ring A to 
yield the seco-acid This can be treated with 
amines, e.g. methylamine, to yield the A-ring closed 

4- methyl-^4-aza compound 1. This in turn can be 
catalytically hydrogenated to yield the 7-ethyl- 

5- alpha-4-methyl-4--aza--cholestan~3-one , 8 . 

Similarly, by treatment of the seco-acid 
6 with ammonium acetate/acetic acid, the corre- 
sponding 4-NH analog i, is produced which can be 
catalytically hydrogenated to yield the 7-beta- 
ethyl-5a-4-aza-cholestan-3-one, Ifi. 

Following the same procedure but using 
phenylmagnesium chloride as the Grignard reagent, 
the corresponding compounds ^ and H are produced. 
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FLOWSHEET C fnnNT'n) 

NHi^dftc/AcOH 
_ — > 

5 Reflux 




17 



30 
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7-Carb03Cvmethvl-Chn; iestanP Serieg 

The 7-carboxy substituent is formed 
through the corresponding 7-allyl group. As seen in 
Flowsheet C, 7-oxo-cholesteryl acetate 1 is reacted 

5 with allyl Grignard reagent to form the adduct 11 
which is oxidized to the dienone 12. by Oppenauer 
conditions. Metal-ammonia reduction affords the 
5-ene analog H, followed by DBU-catalyzed double 
bond isomerization to 14. This in turn can be 

10 oxidized in a key step to form the T-carboxjnnethyl 
seco-acid 1^, Treatment with amines, e.g. ammonia, 
forms the 4-aza derivative, 1^ which is then reduced 
to the cholestane 12- Use of methylamine in place of 
ammonia can yield the corresponding 4-methyl analogs 

15 of 2A and H. 
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y-^Prgpyl^ChQlegtang Sgxieg 

The 7-propyl analogs are made starting with 
the 7-aHyl-4-en-3-one 14, which is reduced by hydro- 
genation using Wilkinson's catalyst to the propyl 

5 derivative IS., oxidised to the seco-acid H, then 

condensed with amines, e.g. methylamine, to form the 
4-methyl analog 2fi and then reduced to the cholestane 
21. Corresponding treatment with ammonia is shown in 
Flowsheet E shows the corresponding unsubstituted 

10 4-a2a 22 and cholestane 21 analogs . 
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FLOWSHEET G 



5 



10 



15 



20 



25 




H . 30 



HOAc 

28 — — : ^ 

30 Methylanine 



wo 93/23419 



PCr/US93/04615 




15 



PtOo 
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— HO Ac, H2 
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7-Beta Methvl Chol estane Series 

The 7-beta methyl cholestane series is 
prepared by the analogously same route as described 
in Flowsheets A and B for the ethyl derivatives . 

5 The methyl Grignard reagent is used to form 

the adduct 24, followed by Oppenauer oxidation to 
form 25., metal-ammonia reduction to form 26., double 
bond isomerization to form 2Zf seco-acid oxidation to 
form 23. f and treatment by an ammonium salt to form 

10 29., and reduction to f orni M- Corresponding treat- 
ment with methylamine; produces the corresponding 
4-methyl-4-aza compounds/ 31 and by reduction, 22. 
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7-Beta Acet03cy nh^ ^ estane f^PriPs 

The 7-beta acetoxy series is prepared by 
the oxidation of starting 31 to the 5-en-7-one 2± 
by the chromium hexacarbpnyl procedure described for 
i, or by pyridine-dichromate/t-butyl hydroperoxide 
oxidation as described in/ the Examples. Subsequent 
noble metal, e.g. platinum, ruthenium, catalyzed 
reduction of 14 yields two products, the reduced 
7-oxo compound 2>1, and 7-beta hydroxy compound Ife. 
Acylation of 36 with acetic anhydride yields the 
7-beta acetoxy compound 37 . 



2D 
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The 7-beta ethers in the cholestane series 
are prepared from the 7-beta-ol (7-beta hydroxy deri- 
vative). As illustrated in Flowsheet J, the A-N- 
methyl-7-beta ol M can be reacted with e.g. methyl 

5 iodide and sodium hydride in e.g., dimethylformamide» 
to produce the corresponding methyl ether 32 • The 
other ethers can be prepared in the same manner. 

The C3-C5 cycloalkyl ethers can be 
prepared according to the analogous procedure of 

10 Ster oid s > 1972 . vol. 19, pp. 639-647 by R. Gardi, 
et al. For example, 2Il can be reacted with 1,1- 
dimethoxy--cyclohexane to produce the enol ether M» 
which can be reduced to the corresponding saturated 
compound by the use of palladium catalyzed 

15 hydrogenation. 
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The 7-haloalkyl series is made by the 
procedure illustrated in Flowsheet K, f 

Starting with the 7-beta-carboxy, 45., this 
can be treated tinder Hunsdiecker reaction conditions, 
5 i.e. brominatibn of a mercury metal salt, to yield 
the 7-bromo derivative M. The chloro and iodo 
derivatives can be made in substantially the same 
fashion. 

The haloethyl compounds can be made by start- 
10 ing with the 7-carbo2ymethyl analog 12 which can be 

reacted with a reducing agent, e-g. borane, to produce 
the primary alcohol Al. This in turn can be reacted 
with triphenylphosphine and carbon tetrabromide to 
produce the bromoethyl derivative 42. 

The halomethyl compounds can be produced 
starting with the carboxymethyl derivative 17. This 
is treated with lead tetraacetate under oxidative 
decarboxylation/halogenation conditions , with a 
chloride, bromide or iodide salt to yield, e.g. the 
20 7-chloromethyl analog The carbo^nnethyl compound 

17. can be treated with a fluorinating agent (XeF2) to 
yield the 7-f luoromethyl analog 44- 

The 7-trifluoromethyl derivative can be made 
from the 7-carboxy derivative AS., by conventional 
25 Dast halogenation conditions using SF4 to yield the 
7-trifluoromethyl analog 
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Flowsheet N illustrates the 7-methylene 
series. As seen, the Wittig reaction, using e.g. 
Ph3PCH(CH2CH3), carried out on the 7-oxo compound 15., 
leads to the 7-(ethyl)methylene compound 

Subsequent treatment of 41 with the 
cyclopropyl. forming reagents^ CH2I2 zinc, 
produces the ethyl cyclopropyl spiro compound 48 . 
which is a mixture of stereoisomers. 
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FLOWSHEET Q 




30 



( 1 ) DDQ/BS TFJ^/CHgS O3H 

Toluene /2 3 °/2h 

(2) Met hylacetoacetate 
23 Vl h, Ref lux/2 4h 
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Flowsheet 0 illustrates the synthesis of the 
1-ene 7-suhstituted analogs. For example compound 
M is stirred with DDQ, BSTFA (his-trimethylsiiyl- 
trifluproacetamide) and trifluoromethyl sulfonic acid 
in toluene at room temperature for 24 hours, methyl 
acetoacetate is added and the mixture reluxed for 24 
hours and purified by preparative thin layer chroma- 
tography on silica gel using 3:1 chloroform/ acetone 
to yield 45.. 

Accordingly, the present invention is 
particularly concerned with providing a method 
of treating the hjrperandrogenic conditions of andro- 
genic alopecia, acne vulgaris, seborrhea, and female 
hirsutism as well as benign prostatic hyperplasia, 
15 prostatitis, the prevention and /or treatment of 

prostatic carcinoma,, by oral, parenteral or topical 
administration, of the novel compounds of the present 
invention.. . 

The present invention is thus also concerned 
with providing suitable topical, oral and parenteral 
pharmaceutical formulations for use in the novel 
methods of treatment of the present invention. 

The compositions containing the compounds, 
of the present invention as the active ingredient 
25 for use in the treatment of e.g., benign prostatic 
hypertrophy, prostatitis, and prostatic carcinoma, 
and other hypo-androgenic conditions, can be 
administered in a. wide variety of therapeutic dosage 
forms in conventional vehicles for systemic admini- 
stration, as, for example, by oral administration in 
the form of tablets, capsules, solutions, or suspen- 
sions, of by injection. The daily dosage of the 



20 



30 



products may be varied over a wide range varying 
from 0.5 to 1,000 mg per adult human/per day- The 
compositions are preferably provided in the form of 
scored tablets containing 0,5. 1.0, 2.5, 5.0, 10.0, 
15.0, 25.0, and 50.0 milligrams of the active 
ingredient for the sjnnptomatic adjustment of the 
dosage to the patient to be treated. An effective 
amount of the drug is ordinarily supplied at a dosage 
level of from about 0.002 mg. to about 50 mg./kg. of 
body weight per day. Preferably the range is from 
about 0.01 mg. to 7 mg./kgs. of body weight per day. 
These dosages are well below the toxic dose of the 
product. Capsules containing the product of this 
invention can be prepared by mixing an active 
compound of the present invention with lactose and 
magnesium stearate, calcium stearate, starch, talc, 
or other carriers, and placing the mixture in gelatin 
capsule. Tablets may be prepared by mixing the active 
ingredient with conventional tableting ingredients 
such as calciuim phosphate, lactose, corn starch or 
magnesium stearate. The liquid forms in suitably 
flavored suspending or dispersing agents such as the 
synthetic and natural gums, for example, tragacanth, 
acacia, methylcellulose and the like. Other dis- 
persing agents whichmay be employed include glycerin 
and the like. For parenteral administration, sterile 
suspensions and solutions are desired. Isotonic 
preparations which generally contain suitable 
preservative are employed when intravenous 
administration is desired. 

For the treatment of androgenic alopecia, 
acne vulgaris, seborrhea, female hirsutism, the 



compounds of the present invention are administered 
in a pharmaceutical composition comprising the active 
compound in combination with a pharmacologically 
acceptable carrier adapted for topical 
administration. Parenteral and oral administration 
is also applicable. These topical pharmaceutical 
compositions may be in the form of a cream, ointment, 
gel or aerosol formulation adapted for application to 
the skin. These topical pharmaceutical compositions 
containing the compounds of the present invention 
ordinarily include about 0.1% to 15%, preferably 
about 5%, of the active compound, in admixture with 
about 95% of vehicle. 

The following examples are illustrative 
of representative embodiments of this invention and 
should not be construed to be limits on the scope 
or spirit of the instant invention. 

The Rf values cited were carried out on 
standard thin layer chromatographic Si gel plates. 
The elution solvent system used is given in the 
parentheses following the Rf value. 

The mass spectral values are given either as 
FAB> i.e., fiast atom bombardment » and are reported as 
(M+1) molecular ion peaks, being the molecular weight 
plus one atomic mass unit. The electron impact (EI) 
mass spectrum values are reported as molecular ion 
peaks and are indicated in parentheses, either being 
(M) or (M+2>, the molecular weight , MM, or the MW 
plus two atomic units. 

The nuclear magnetic resonance data was 
taken at 400 MHz in CDCI3 and is tabulated for unique 
proton values of each compound at the end of the 
Examples. The coupling constant J is given in Hertz, 
Hz. 
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f 

Synthesis of 7-Oxo-Cholesterol-3-acetatg (1^ , 

Cholesteryl acetate (CA) is known in the art i 
5 and can be oxidized to the known 7-oxo-derivative 1 
by the analogous procedure described in the JCS 
Perkins article by Pearson, supra. 

EXAMPLE 2 

10 

Synthesis of 7-Ethvl-7-Hvdroxv-cholesterQl , (2^ 

To a solution of 1 from Example 1, being 
5-0 g (11.32 mmol) in dry tetrahydrofuran at O'^C 
was added dropwise 56.6 ml ethyl magnesium bromide 

15 (IM) over 5-10 minutes. The reaction mixture was 
then allowed to stir at room temperature for 24 
hours, then poured into saturated aqueous ammonium 
chloride. The THF solvent was removed under vacuum 
and the aqueous phase extracted with ethyl acetate. 

20 The organic layer was washed with brine, dried, con- 
centrated to yield a yellowish-white foam. The Rf 
value was 0.2 (30% EtOAc/hexane) . Proton NMR con- 
firmed the assigned structure of the title compound Z 
which was used in the next step without further 

25 purification. 

EXAMPLE 3 

Synthesis of 7-Ethyl-Cholest-4.6-Die n-3-one, (^^ 
30 The above Grignard product 2, 5.13 g 

(11.9 mmol) was dissolved in 50 ml toluene and 
cyclohexanone and about 40 ml of solvent distilled 



off under vaGutm. To this was added 7.2 g altiminum 
isopropoxide and the reaction mixture ref luxed 
overnight for 15 hours. The mixture was cooled, 
diluted with ethyl acetate, washed with sodium 
potassium tartarate, brine, and the organic layer 
was concentrated under vacuum and the residue steam 
distilled. The residue was extracted with ethyl 
acetate, the ethyl acetate layer,, washed with brine ^ 
dried and purified by column chromatography on silica 
gel, eluting with 57«. EtOAc/hexane to yield the title 
compound!. Rf^O.58 (20% EtOAc/hexane) / Mass spec: 
412(M=1) by FAB, Calc'd. 411.9. 

SXAfflPLg 4 

gynt hegig of 7B-ethvl-chQlest^5-en-3^one . (4-> 

To a solution of 3.1 g of 1, from Example 
3, in 46 ml ammonia*, 10 ml THF, 10 milliliters 
toluene, was added 449 mg of metallic lithium in 
small pieces. After stirring the blue solution for 
2 hours at -78^C, a solution of .1,2-dibromethane in 
2 ml THF was added. After stirring the solution at 
-78'C for 10 minutesj 2.1 g of ammonium chloride was 
added and the mixture stirred for 10 minutes. The 
excess ammonia was removed by evaporation under a 
nitrogen stream. The reaction mixture was diluted 
with brine, extracted with ethyl acetate. The 
organic layer was washed with brine, dried and 
concentrated to yield crude brown viscous liquid 4 
which was used as such in Example 5. Rf=0.70 (20% 
EtOAc/hexane>, Mass Spec. 412 (EI); calculated MW 
412.70. 
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Synthesis of 7p-ethvl-cholest-4-en-3-Qne (5^,. 

To a solution of 4, from Example 4, 
being 3.1 g in 30 ml THF was added 1.1 ml DBU 
(l,8-diazabicyclo[5.4,0]undec-7-ene under nitrogen 
with stirring. The mixture was refluxed for 1.5 
hours, then cooled and diluted with NH4C1. Then 
THF solvent was removed under vacuum and the residue 
extracted with ethyl acetate. The organic layer was 
then washed with water, brine, dried and concentrated 
under reduced pressure to yield a crude viscous oil. 
The titled product 5. was purified by chromatography 
on silica gel using 10% EtOAc/hexane as eluant. 
Mass Spec 412 (EI), calc'd MW 412.70. 
Rf=0.6 (20% EtOAc/hexane). 

EXAMPLE 6 

Synthesis of 7-ethyl-17B-(6-methyl-2-heptyl)- 
5-QXQ-A-nor-3.5-secoandro8tan-3-oic acid, (6) 

To a solution of 1.0 g of 1 in 18 ml t-butyl 
alcohol at 80**C was added 300 mg sodixm carbonate 
in 1.8 ml water followed by a dropwise addition over 
15-20 minutes of a mixture of 2.74 g sodium periodate 
with 20.3 mg potassium permanganate in 15 ml water. 
The reaction mixture was heated at 80 for 2 hours, 
cooled, filtered, the residue washed with water, and 
then the filtrate concentrated under vacuum, acidified 
with aqueous HCl, extracted with ethyl acetate and 
the organic layer washed with aqueous NaHS03, brine, 
dried and concentrated to yield crude fi.. The proton 
NMR confirmed the assigned structure. 



wo 93/23419 



PCr/US93/04615 



- 58 - 

Fast atom bombardment yielded an m/z molecular ion of 
434(m+2); calculated 432.69. 

wmpi^ 7 

5. 

Synthesis of 7-Ethyl-4-methyl-4-a2a-cholest-5-en-3- 
one> (7> ' . 

To a solution of 4, 500 mg in 10 ml 

ethylene glycol was added 1.3 g sodium acetate and 

10 1.0 g methylamine hydrochloride. After stirring the 
reaction mixture 4 hours at 180*C, the mixture was 
cooled, diluted with water, extracted with ethyl 
acetate, dried and concentrated to afford crude 
title compound 2. Proton NMR confirmed the 

15 assigned structure. Rf=0.70 (20% EtOAc/hexane) . 
Miaiss Spectral m/z ion (FAB) showed 429 
(M+2). calculated. 427 •72. 
Analysis: Calc. for C2^^4^ NO . 
Calc: C; 81.44; H, 11.55; N, 3.27 

20 Found: C. 82.19; H, 10-92; N, 3.11. 

. EXAMPLE 8 

Synthesis of 7-Ethyl-4-methyl-4-Aza-Cholestan-3-one, 

25 m . ' 

To a solution of 7 from Example 7, being 
180 mg in 5 ml acetic acid was added 54 mg platinum 
dioxide and the resulting mixture was evacuated and 
flushed with hydrogen. The reaction was shaken 
30 overnight at room temperature under hydrogen. 

Filtered, washed solid with EtOAc, combined EtOAc 
layers were washed with aqueous NaHC03, brine, dried, 
concentrated to yield the title compound fi.. 
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Mass spectral analysis by FAB yielded m/z ion of 431 
(in+2), calculated 429.74. 
Analysis for C29 B.^i NO 
Calc : C, 81.06; H, 11.96, N, 3.26 
5 Found: C, 81.42; H, 12.24; N, 3.16 

EXAMPLE 9 

SVPtbesis of 7-Kthvl-4-Aza-Cholefit-'; -en-3-onP. ffj^ 
^° The seco acid 6, 0.5 g. and ammonium 

acetate, 0.5 g., in 3.5 ml acetic acid were refluxed 
for 3 hours. The reaction mixture was cooled, water 
added and then extracted with ethyl acetate. The 
organic layer was dried over sodium sulfate and 
15 concentrated to yield a residue which was eluted 
on a silica gel column with lOX EtOAc/hexane to 
give pure title compound 1, mp. 147-149'C. 
Mass Spec. 414 (Mtl). Calc'd; 413.69. Rf=0.45 (30% 
EtOAc/hexane) . 

Analysis for C28H49 NO, MW 413.69 
Calc: C. 81.30; H, 11.45; N. 3.39 
Found: C, 81.30; H, 11.87; N, 3.45 



20 
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Synthesis of 7fi-Ethvl-4-a2a-5a-choiegtan - 3-QTiB. nn-> 



30 



Following the general analogous procedure 
described in Example i was catalytically 
hydrogenated to yield the titled compound, Ifl. 
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Chromatography on silica gel with 507. EtOAcrhexane 
eluant yielded pure product, mp. 169-170*C. 

Analysis for C28H49NO, MW=415.17. 

Calcd: C; 8&.90:; H. 11.88; N, 3.37 
5 Found: C; 81.02; H. 12.57; N, 3.47. 

Mass Spec : 416 (M+1) 

Rf-0.30 (307. EtOAc/heacajie) 

EXAMPLE 11 

10 

SvatfagSiS Of 7-Allvl-3.7-dihvdroxv-chQlg st-5-ene (11^ 

Following the analogous general Grignard 
procedure of Example 2, allyl magnesium bromide was 
15 reacted with Compound i in dry THE to yield the 

titled product H. Proton NMR confirmed the assigned 
structure. 

Mass Spec. 441 (M+1). Caic'd. 440.71. Rf=0.25 (30% 
EtOAc/hexajie> . 

20 

exampi:e 12 

SYPthesis of 7-allyl-chole9t-.4.6-dien-3-r>ne. (12V 

25 Following the analogous general Oppenauer 

oxidation procedure of Example 3 , compound 11 was 
oxidized to yield the titled compound 12.. Proton NMR 
confirmed the assigned structure as well the (FAB) 
mass spec. 423 (M+1) Caic'd. 422.35. Rf=0.78 (30% 

30 EtOAc/herane). 
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Synthesis of 7-Allvl-cholest-5-en-3-onP. (i?> 

5 Compound 12., was subjected to the analogous 

metal-aflunonia reduction conditions of Example 4 to 
yield the title compound 12. 
Rf=0.5 (57. EtOAc/hexane). 

10 - EXAMPLE 14 

Synthesis of 7-Allvl-ChQle8t-4-en -3-Qne. (la^ 

Following the geneial DBV catalyzed 
15 isomerization conditions of Example 5, compound 13. 
was analogously treated to yield the title compound 
14. 

Mass Spec. 425 (M+1) by FAB. Calc'd.: 424.37 
Rf=0.45 (57. EtOAc/hexane). 

20 

EXAMPLE 15 . 
Synthesis of 7-Propvl-chole8t-4-en-3-one . fl8'> 

25 1.0 g. of the 7-allyl-enone M, 5 ml. 

EtOAc and 50 mg, triphenylphosphine rhodium chloride 
(Wilkinson's catalyst) were allowed to stir two hours 
(under H2 atmosphere). The reaction products were 
filtered through 25 ml. silica gel, and eyaporated to" 

30 dryness to yield fairly pure title product, 23., as 
confirmed by proton NMR. 

Mass Spec. 427 (M+1). Calc'd.: 426.39 Rf=0.15 (5% 
EtOAc/hexane). 
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EXAMPLE 16 

Ssmthesis of 7-Propyl-5-oxo-A-nor-3,5-seco-cholest- 
anoic acid. CIQ'V 

5 

Follovring the general ptocedtixe of Example 
6 for the oxidative Ring A cleavage, compound 18 
(7-propyl analogue) was analogously treated to yield 
the above-titled seco-acid 11. The assigned 
10 structure was confirmed by proton NMR. Mass Spec: 
447 (M+1) (FAB). Calc'd.: 446.38 Ilf=0.1 (20% 
EtOAc/hexane); 

EXAMPLE 17 

Synthesis of 7-Propyl-4-methyl-4-a2a-cholest-5-en-3- 
one. (20) ^ • 

Folldwing the general procedure of Example 
20 7, compound !£, was analogously treated with methyl- 

amine hydrochloride and sodium acetate in ethylene 

glycol to yield the above-titled liquid product 2fl. 

The assigned structure was confirmed by proton HMr. 

Mass Spec. 442 (M+1) (FAB), Calc'd.: 441.74 C.H.N 
25 analysis for C H N 0 as 0.2 H2O, MW=441.74; 

Calcd: C. 80.91; H, 11.63; N, 3.15. 

Found: C, 81.00; H. 12.06; N, 2.93. 

Rf=0.3 (20% EtOAc/hexane). 



30 
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EXAMPLE 18 

Synthesis of 7-Propyl-4-iDethyl-4-aza-5a-cholestan- 
3-gne. (21) 

5 

Following the analogous general procedure of 
Example 8, compound 20. was catalytically hydrogenated 
in HOAc to yield the title liquid compound 21. 
Proton NMr confirmed the assigned structure. Mass 
10 spec. 444 (M+1) (FAB), C,H,N analysis for C H N; 
Calcd: C, 81.19; H, 12.05; N, 3.16. MW=443.41. 
Found: C, 80.78; H, 12.06; N, 3.22. 
Rf=0.17 (207. EtOAc/hexane). 

15 EXAMPLE 19 

Synthesis of 7-ProDvl-4-aza-cho lest-5-en-3-one. f22'> 

Following the analogous procedure of Example 
20 9, compound li was treated with ammonium acetate 
in acetic acid to yield the titled compound, 22.- 
Recrystallized from EtOAc/Et20 to yield a white 
crystalline solid, mp. 91-94''C, C.H.N analysis 
as the 0,25 hydrate: Calc'd MW 427.39 
25 Calcd: C, 80.59; H, 11.54; N, 3.24. 
Found: C, 80.59; H, 11.69; N, 3.36. 
Mass Spec. 428 (M+1). 
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EXAMPLE 20 

gynthesis of 7-Propvl-4-aza~5a-choiestan -3-Qne. (7,:^^ 

5 Following the analogous procedure described 

in Example 8, compound 21 was catalytically hydro- 
genated to yield the title compound 21, mp. 65-68«C. 
Analysis for C.H.N, calc'd as 0.25 H2O hydrate: 
Calcd: C, 80.21; H, 11.95j N, 3.23. 

10 Found: C, 80.20; H. 12.14; N, 3.07. 
Proton nmx 

Mass Spec. = 43Q (M+1) calc'd MW 429.40. 
Rf=0.12 (20%EtOAc/hexane). 

gynthesis of 7-Methvl-7-Hydr oxy-cholesterQl, (24> 

Following the analogous Grignard procedure 
of Example 1, cholesteryl acetate-7-one 1 was reacted 
20 with methyl magnesium bromide under standard Grignard 
conditions to yield title compound 24, a solid. 
HMR confirmed the assigned structure and mass 
spectral analysis confirmed the molecular weight. 

25 EXAMPLE 22 

Synthesis of 7-Methvl^ChQ lest-4.6^Dien-3-Qne, (25^ 

Following the analogous procedure of Example 
30 2, the above Grignard product 24 » was subjected to 
Oppenauer oxidation conditions to yield the title 
compound, 7P-methyl-cholest-4,&-dien^3-oiie, 2^. 
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EXAMPLE 23 

Synthesis of 7B-methvl-chole8t--5-P n-3-ona. (?,fi-> 

5 Following the analogous procedure of Example 

4 for the metal-ammonia reduction, 21 was similarly 
treated with lithium in ammonia/THF/toluene to yield 
title compound 26 . 

10 

EXAMPLE 24 

Synthesis of 7B-methv]-n holest-4-f.n-3-one (77^. 

^5 Eollowing the general isomerization 

procedure of Example 5 using DBU in THF, 2i was 
analogously treated to yield the title compound 21. 

EXAMPLE 2^ 

20 

Synthesis of 7-methyl-17B-(2,6-Dimethylhexyl>-5-oxo- 
A-nor-3.5-secQandrog1-a n-3-oir- arid. (28^ 

Following the general procedure of Example 
25 6 for the oxidative Ring A cleavage, compound 27 was 
analogous treated to yield the above titled seco-acid 
18. The proton NMR confirmed the assigned structure. 

30 
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EXAMPLE 26 

Synthesis of 7-Methvl-4 -aza-cholest-5-en-3-one. (29^ 

5 Following the general procedure of Example 

9, compound 23. was analogously treated with ammonium 
chloride in acetic acid to yield the above-titled 
product 2i. 

Mass Spectral m/z ion (FB) showed 400.2 (M+1) 
(M+2). calculated, 399/ 



15 



Synthesis of 7-Methvl-4-Aza-Cholestan-3-one. f3Q-> 



Following the analogous general procedure of 
Example 8, compound 23. was catalytically hydrogenated 
in HOAc to yield the title compound M. 
Mass spectral analysis by EI yielded m/z ion of 401 
20 calculated 401. 

EXAMFLE ^g 

Synthesis of 7-Methyl-4-methyl-4-Aza-Cholest-5-en- 
25 3-one. (31^ ' •. ■ 

The seco acid 28, was treated analogously as 
in Example 7 to give pure title compound 31. 
Mass Spec. 414 (m+l> by FAB, calc'd.. 413. 

30 
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EXAMPLE 29 

Sjmthesis of 7J3-Methyl-4-methyl-4-a2a-5a-chalestan- 

3- Qne. (32^ 

5 

Following the general analogous procedure 
described in Example 8, 31 was catalytically 
hydrogenated to yield the titled compound, 32 . 
Chromatography on silica gel with 30% EtOAc/hezane, 
10 eluant yielded pure product. 

Mass Spec. (EI) 415, calc'd., 415. 

EXAMPLE 30 

15 Synthesis of 4-methyl-4-aza-cholest-5-en-3 ,7-dione, 


An oxidation procedure is carried out on 

4- methyl-4-aza-cholest-5-en-3-one 32 to yield the 

20 title compound, 34- (See USP 3,264,301 by Doorenboos 
and J. Org. Chem. 1961 . Vol. 2i, p. 4548.) The 
compound 33 was heated at 70°C with a mixture of 
pyridinium dichromate/t-butyl hydroperoxide in 
benzene over a 3-4 hour period to produce 34 . 

25 

EXAMPLE 31 

Synthesis of 7B-Acetoxy-4-methyl-4-aza-5a- 
cholestan~3-Qne (37^ 

30 

Compound 34 is hydrogenated by the analogous 
procedure of Example 8 to produce the 7-H analog 3S, 
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and the 7B-ol, Acylation of M with acetic 

anhydride, in the presence of pyridine, 4-dimethyi- 
aminopyridine in methylene chloride at 23 'C for 24 
hts. produces the title compound 21- 

EXAMPLE 32 

Synthesis of 7-Beta 

Methvl-^4-aza-5a-cholest-l -en-3-one ( 49 

10 

To a solution of 280 mg. (0,(598 nmoi) of 
in 4 milliliters toluene, was added 178.8 mg. DDQ, 
0.7186 mg. BSTFA and 8.163 mg. triflic acid and the 
reaction contrents allowed to stir at room tempera- 

15 ture for 24 hours. Methyl acetoacetate, 8.1 mg., was 
added and the reaction refluxed for 24 hours. The 
contents were cooled, diluted with ethyl acetate, 
washed with aqueous sodium, carbonate, aqueous sodium 
bisulfite, biine, dried aver magnesium sulfate and 

20 concentrated to yield an oil. The crude compound was 
purified by preparative TLC on silica gel, eluting 
with 3:1 CHCl3/acetone to yield pure M, whose proton 
NMR confirmed the assigned structure. 

The following Table lists the unique proton 

25 NMR values (400 MHz in CDCI3) for each compound. The 
data are reported as: s = singlet, d = doublet, m = 
multiplet, J = coupling constant. The absorption 
values ate given del (5) units and are illustrated 
for the C-18, C-19 and C-21 angular ring methyl 

30 protons and protons associated with unique portions 
of the molecule. 
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The numbering of the 4-aza steroid is given 
by the following structure; 



5 




4-azas teroid 



20 



25 



30 
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Compound 
No. 



23=£&2. I2=J% 21=£% Others 

2 s. 0.660 s. 1.030 4 0.940 M ^ 6.120 
0.662 1.060 J=7 (values given for 

second isomer) . 

3 js. 0:755 s. 1.061 1 0.915 4H and 6H fi. 5.61, 

J=7 5.97 

4 s. 0.720 s. 1.110 4 0.930 4 CHo m 2.83 - 

J=7 3.28 

3 i 0.730 s. 1.12 A 0.930 4H ^ 5.74 

J=7 

6 s. 0.66 fi. 0.963 i 0.894 

J=7 

15 7 s. 0.692 jg. 0.977 d 0.908 N-CH-a £ 3.153 

J=7 

8 s 0.690 s. 0.830 4 0.900 N-CHo 2.93 

9 a. 0.653 5: 0.991 4 0.903 6H d. 4.91 J=4 

J=7 

^° 10 a 0:675 5. 0.808 i. 0.893 5H, a, 2.97 - 

J=7 3.13 

11 £ 0.66 s. 0.90 d. 0.915 allylic H a(5.8- 

J=7 5.94) 

.12 fi. 0.78 . .5.1.07 i. 0.96 allylic Hft( 5.73- 

25 J-7 5.85) 

13 £0.70 £ 1.08 4 0.90 . 6H, fi (5.23) 

J=7 

14 S 0.73 . £ 1.13 A 0.93 4H 5.5.72 

j=7 

30 18 £ 0.71 £ 1.13 . 4 0.93 4H £ 5.71 

J=7 



wo 93/23419 



PCr/US93/04615 



10 



- 71 - 

Compound 

H£L — 2I-CH2 Others 

19 4 0.65 a. 0.963 d 0.91 

J=7 

20 a. 0.691 a. 0.974 d 0.902 (6H) - d , 4.92 

J=7 (j!=4> (N-CHo) s. 

3.16 

21 £ 0.665 a 0.795 i 0.883 

J=7 (N-CH3) a 2.92 

5H m U. 96-3. 00) 

22 s. 0.680 a 1.01 d 0.890 (6H) d 4.86 

J=7 J=:4 

23 s. 0.680 SL 0.808 d 0.884 5H m (3.0-3.1) 

J=7 

24 A, 0.68. £, 0.94, d 0.91 6H, s, 5.19, 5.21 
15 0.69 1.04 J=7 

25 SL, 0.76 fi, 1.07 d 0.92 4H, 6H 5.59, 5.92 

J=7 

27 £, 0.70 s., 1.15 d 0.92 7-CH3 , d, 1.04, 

J=7 J=6.5 4H, s, 5.71 

28 s., 0.69 £, 1.12 d 0.92 7-CH3 , d. 0.96, 

J=7 J=6 . 5 

29 s, 0.69 a, 1.04 d 0.91 7-CH3, d, 0.97, 

J=7 J=6.5 6H, d, 4.59, 
J=3.0 

25 30 a, 0.67 a, 0.835 d 0.91 7-CH3, d, 1.00, 

J=7 J=6.5 5H, dd, 
J=3.3, 12.63 

31 a, 0.69 a. 1.00 d 0.95 7-CHo, d, 1.05, 

J=7 J=6.5 6H, d, 



20 



30 



J=3 .0 

32 a, 0.68 a, 0.825 d 0.91. 7-CH3, 1-05, 

J=7H J=6.5 4-CH3, s, 
3.92 ^ 
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Compound 

HS.. 18-CH^ 

33 s., 0.69 

5 

49 B., 0.69 

10 50 s., 0.62 



51 i, 0.63 

15 



20 
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12=CE2 Others 

£, 1.23 d 0.91 C6 - i. 5.42 

J=7 N-CH3. s., 3.14 
Mass Spec 
(EI)=413 

S., 0.90 d 0.915 C-7CH3, 1.02, 

J=7 . d, J=6, C-2, IH. 
5.79, dd J=2.5 
J=9.1 

S.f liOl d 0.86 C-5, IH, 3.08, 
J=7 dd J= 3.87 

J=12.9 
C-7Ph, 5H, m, 
7.1-7.3 

i, 1.02 d 0.8 C-5, 1-H, 3.2, dd 
J=7 J= 5.88 

J=10.5 
C-7Ph, 5H, m, 
7.08-7.3 



30 
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WHAT IS CLAIMED IS : 

1. A compound of the formula: 



10 




R Ha 

15 

wherein 

R is selected from hydrogen, methyl or ethyl; the 
20 dashed lines a and b. indicate double bonds which 

can be present providing that when b is present, 
the 5a hydrogen, Ha is absent; 

Z can be 

25 1) 0X0, 

2) a-hydrogen and a J3-substituent selected from: 
C1-C4 alkyl, C2-C^ alkenyl, CH2COOH, hydroxy, 
carboxy, COOC1-C4 alkyl esters; 0C0Nr1r2, where 
r1 and r2 are independently H Ci^C^ alkyl, 

30 phenyl, benzyl, and R^ and R^ together with the 
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nitrogen can form a 5-6 membered saturated 
heterocyclic ring, optionally with one other 
heteroatom; 

OC1-C4 alkyl, QC3-C5 cycloalkyl, -OCOCH3, halo, 

hydroxy alkyl, halo alkyl or 

tr if Inoromethyl ; C3=Cg cycloalkyl; 

3> =CH-R» where R' is H, C1-C4 alkyl; 

4) spiro: 

4) $piro: 



and stereoisomers and pharmacetitically acceptable 
3^5 salts and esters thereof. 

2.* A compound of Claim 1 wherein double 
bond a is absent and is of the structure: 



10 




where R' is H, alkyl; 



25 



20 



O' 




H 



30 
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3. A compound of Claim 1 wherein double bond a 
is absent and is of the structure: 



10 




4. A compound of Claim 1 wherein double 
bond a is absent and R is methyl and is of the 
structure : 



15 



20 




25 



5. A compound of Claim 1 wherein double 
bond a is present and is of the structure: 



30 




R H 
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6. A compound of Claim 1 wherein Z is 
a--hydrogen and the B-substituent is Ci-C4alkyl, or 
C2-C4alkenyl , 

5 7. The compound of Claim 1 being: 

7-ethyl-4-methyl-4-aza-cholest-5-en-3-one 
7-ethyl-4-methyl-4-aza-cholestane-3-one 
7-ethyl-4-aza-cholest-5-en-3-one 
7-ethyl-4-a2a-5a-cholestan-3-one 

10 7-carbo:^ethyl-4-a2a-cholest-5-en-3-one 
7-carboxymethyl-4^aza-cholestan-3-one 
7-pr6pyl-4-methyl--4-aza-chdiest-5-en-3-one 
7-propyl-4-methyl-4-aza-5a-cholestan-3-one 
7--propyl-4-a2a-cholest"5-en-3"One . 

15^ 7-propyl-4-a2a-5a-cholestan-3-one 
7-methyl-4-a2a-cholest-5-en-3-one 
7-methyl-4-a2a-cholestan«3-one 
4,7-dimethyl-4-a2a-cholest-5-en-3-one 
4 , 7-dimethyl-4-aza-5a-chQlestan-3-one 

20 7-acet03qr-4-methyl-4-aza-5a-cholestan-3-one 
4-methyl-4-aza-cholest-5-en-3 » 7-dione 
7-hydroxy-4-methyl-4-aza-5a-cholestane-3-one 
7-methoxy-4-methyl-4-aza-5a-cholestane-3-one 
7-hydT03qrmethyl-4-aza-5a-cholestane-3-6ne 

25 7-bromomethyl-4-a2a-5a-cholestane-3-one 
7-chloromethyl-4-aza~5a-cholestane-3-one 
7-f ltiorofflethyl~4-a2a-5a--cholestane-3-one 
7-carboxy-4-a2a-5a-cholestane-3-one 
7-trif luoxomethyl-4-a2a-cholest-5-en-3-one 

30 4-methyl-4-aza-cholesta^3 , 7-dione 

7 , 7-'dimethoxy-4-methyl-4-a2a-5a-cholestane-3-one 

7-metho^-4-methyl-4-a2a-cholesta-5-en-3-one 

7-metho^-4-methyl-4-a2a-cholesta-6-en-3-one 



7~betamethoxy-4-methyl-4-aza-5a-cholestane-3-one 
7-alphamethoxy-4-methyl-4~a2a-5a-cholestane-3-one 
7-alpha-cyclopropyloxy-4-methyl-4-aza-5a-cholestane- 
3 -one 

7-beta-cyclopropyloxy-4-methyl-4-a2a-5a-cholestane- 
3-one 

7-cyclopropyloxy-4-methyl-4"a2a-cholesta-5 » 7-dien-3-" 
one 

7-(ethyl)exomethylene-4-methyl-4-aza-5a-cholestane-3- 
one 

7-(2-ethyl)cyclopropyl-4-methyl-4-aza-5a-cholestane-3- 
one 

7-methyl-5-oxo-A-nor-3 , 5-seco-cholestanoic acid 
7-ethyl--5"Oxo-A-nor-3 , 5-seco-cholestanoic acid 
7-propyl-5-oxo-A-nor~3 , 5-seco-cholestanoic acid 
7-n-butyl-5-oxo-A-nor-3 , 5-seco-cholestanoic acid 
7-t-butyl-5-oxo-A-nor-3 ,5-seco-cholestanoic acid 
7-n-pentyl-5-oxo-A-nor-3 , 5-seco-cholestanoic acid 
7-n-hexyl-5-oxo-A-nor-3 , 5-seco-cholestanoic acid . 

8. A pharmaceutical composition comprising a 
therapeutically effective amount of a compound of Claim 1 
in a pharmaceutically acceptable carrier therefor. 

9, A method of treating benign prostatic 
hyperplasia, acne, female hirsutism, male pattern 
baldness, androgenic alopecia, prostatitis, and/or 
preventing prostatic carcinoma in a human host in 
need of such treatment comprising the step of 
administering to said host a therapeutically 
effective amount of the compound defined in Claim 1. 
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10. The method of Claim 9 wherein said 
compound is an inhibitor of 5a-reductase 1. 

11. The method of Claim 9 wherein said 
S compound is an inhiMtor of 5a-reductase 2. 

12. The method of Claim 9 wherein said' 
compound is a dual inhibitor of both Sarxeductase 1 
and 2. 

10 
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